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Systematic review of the relationship between 20 m shuttle run 
performance and health indicators among children and youth 




This systematic review aimed to summarize research that assessed the associations between 20 m shuttle 
run test (20mSRT) performance and indicators of physiological, psychosocial and cognitive health among 




Five online databases were used to identify peer-reviewed studies published from 1980 to 2016. Studies 
were included if they matched these criteria: population (children and youth with a mean age of 5–17 
years and/or in Grades 1–12), intervention/exposure (performance on the 20mSRT), and outcomes (health 
indicators: adiposity, cardiometabolic biomarkers, cognition, mental health, psychosocial health, self-
esteem and physical self-perception, quality of life and wellbeing, bone health, musculoskeletal fitness, 
motor skill development, and injuries and/or harm). Narrative syntheses were applied to describe the 
results. A lack of homogeneity precluded a meta-analysis approach. 
Results 
Overall, 142 studies that determined an association between 20mSRT performance and a health indicator 
were identified, representing 319,311 children and youth from 32 countries. 20mSRT performance was 
favourably associated with indicators of adiposity, and some indicators of cardiometabolic, cognitive, and 
psychosocial health in boys and girls. Fewer studies examined the relationship between 20mSRT 
performance and measures of quality of life/wellbeing, mental health and motor skill development, and 
associations were generally inconsistent. The quality of the evidence ranged from very low to moderate 
across health indicators. 
Conclusion and Implications 
These findings support the use of the 20mSRT as a holistic indicator of population health in children and 
youth. 
1. Introduction 
Cardiorespiratory fitness (CRF) is measured as the highest rate of oxygen consumed (V̇O2) during a bout 
of maximal exercise to voluntary exhaustion, described as V̇O2peak in children and youth.1 CRF provides 
an indication of the function of the cardiovascular and respiratory systems and it provides a strong 
summative measure of physical health among children and youth.2 Furthermore, youth with low CRF in 
late adolescence have an increased risk of developing cardiovascular disease in adulthood3 and 
succumbing to premature mortality.4 For these reasons, CRF may be a strong population health indicator 
and surrogate measure that could help researchers and public health officials understand the health of 
children and youth and how health varies across these populations. Objective measures of CRF can be 
obtained in lab-based settings by collecting expired gases during a graded exercise test. Limitations of this 
approach include the high cost, time intensiveness, laboratory infrastructure requirements, unfamiliar 
equipment, and unnatural environment yielding heavy participant burden, making these tests not suitable 
for mass testing. To help address these limitations, the 20 m shuttle run test (20mSRT)5 was developed as 
a field-based measure to estimate CRF. 
The 20mSRT is a progressive CRF test where children and youth are asked to run laps back and forth 
between two parallel lines 20 m apart. An audio recording paces the participants beginning at a speed of 
8.5 km/h and increasing by 0.5 km/h every consecutive minute. Participants continue until they are no 
longer able to keep pace with the audio recording for two consecutive laps, at which point their score is 
recorded (i.e., total laps, stages, time, etc.).5 The 20mSRT is the most widely used field-based assessment 
of CRF, with recent research indicating that at least 50 countries from six continents have used the 
assessment.6, 7 This popularity is likely due to the low cost of equipment, simplicity in administering and 
scoring the test, flexibility in testing (e.g., surface, space, location, etc.), low participant burden and 
ability to simultaneously test large groups of children and youth.8 These characteristics allow the 
20mSRT to overcome many cultural and language barriers that limit other fitness assessments. Moreover, 
the 20mSRT demonstrates strong test-retest reliability8 and moderate-to-strong validity9 which suggests 
that the 20mSRT is a good measure of CRF. Although recent systematic reviews have explored the 
associations between physical fitness, physical activity and health among children and youth,1, 10, 11 no 
study has comprehensively assessed the associations between 20mSRT performance and health indicators 
among children and youth. 
Thus, this systematic review aimed to summarize and evaluate available research that assessed the 
association between 20mSRT performance and health indicators (e.g., physiological, psychosocial, 
cognitive) among children and youth aged 5–17 years (or in Grades 1–12). 
2. Methods 
The systematic review protocol is registered with the International Prospective Register of Systematic 
Reviews (PROSPERO; registration no. CRD42015032250: available from 
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015032250). This study was 
conducted and reported in accordance with the PRISMA 2009 statement for reporting systematic 
reviews.12 
The participants, intervention, comparison, outcome and study designs (PICOS) framework13 was used to 
help delineate the study parameters of our research question, and to develop the search strategy. 
School-aged participants who were between the mean ages of 5–17 years and/or between grades 1–12, if 
in the North America (or equivalent grades in other countries), were included in this study. 
Performance results for the 20mSRT protocol beginning at 8.5 km/h and increasing by 0.5 km/h every 
minute was our main exposure. Results reported as raw scores (e.g., speed, laps, stages, etc.) and/or 
predicted relative V̇O2peak were included. 
In certain cases 20mSRT performance can be dichotomized into healthy and unhealthy CRF using 
criterion-referenced standards. In these cases comparisons for health indicators would take place between 
the different CRF groups. Otherwise, the relationship between 20mSRT performance and continuous 
health indicators were assessed according to comparisons or relationships provided by the authors. 
 
Health indicators for this study were selected based on a recent physical activity systematic review,11 with 
additional health indicators being added based on the literature (i.e., previous research). Eleven health 
indicators were included that broadly represented three categories: physiological, psychosocial and 
cognitive health. Health indicators included: (i) adiposity (e.g., body mass index, waist circumference), 
(ii) cardiometabolic biomarkers (e.g., lipid profile, insulin resistance, blood pressure), (iii) 
cognition/academic achievement (e.g., concentration, memory, school grades), (iv) mental health (e.g., 
depression, anxiety, risk of mental illness), (v) psychosocial health (e.g., behaviour problems, self-
efficacy, social development), (vi) self-esteem and physical self-perception (e.g., perceived competence), 
(vii) quality of life and wellbeing, (viii) bone health (e.g., bone mineral density, bone area), (ix) 
musculoskeletal fitness (e.g., muscular strength, muscular endurance, flexibility), (x) motor skill 
development (e.g., gross/fine motor skills, coordination), and (xi) injuries and/or harm (e.g., adverse 
events). 
No restrictions were placed on study design. A minimum sample size for all study designs was set at 40 
participants. Studies were screened if they were written in English only. Peer-reviewed original research 
articles that were published or in-press were eligible for inclusion. All grey literature, abstracts, reviews, 
theses and conference proceedings were excluded from this review. One additional variant of the 
20mSRT protocol was also accepted (i.e., the Eurofit 20mSRT protocol begins at 8.0 km/h, increases to 
9.0 km/h for the second minute, and then increases by 0.5 km/h every minute thereafter14). No restrictions 
were placed on the included health indicators (e.g., validity and reliability criteria). 
A systematic search of the literature was conducted in MEDLINE (OVID interface; 1980 to March 2nd, 
2016), EMBASE (OVID interface; 1980 to March 3rd, 2016), PsychINFO (OVID interface; 1980 to 
March 4th, 2016), Cochrane Central Register of Controlled Trials (CENTRAL, OVID interface; 1980 to 
March 4th, 2016) and SPORTDiscus (EBSCO interface; 1980 to March 2nd, 2016). The search strategy 
was developed by a librarian experienced in systematic review searching and peer-reviewed by another 
librarian using the PRESS standard.15 Search strategies are presented in Supplement 1. 
Database specific search strategies were executed by a single researcher through the OVID and 
EBSCOhost interfaces. All bibliographic records were extracted as text files and imported into Reference 
Manager Software (version 11; Thompson Reuters, San Francisco, CA, USA) where duplicate files were 
manually removed. Titles and abstracts for the remaining relevant articles were imported into DistillerSR 
(Evidence Partners; Ottawa, ON, Canada). All potentially relevant titles and abstracts were screened 
against the inclusion criteria by two reviewers. Exclusion by both reviewers was required to exclude 
records at level 1. The remaining records passed to level 2 where full-text articles were screened against 
the inclusion criteria independently by two reviewers. Consensus by both reviewers was required at level 
2 to include records. All discrepancies were resolved between reviewers or by a third reviewer, if 
necessary. Furthermore, the reference lists of included articles and relevant reviews in the area were 
checked for additional studies not identified through the systematic search. 
A study specific database was created in Excel (Microsoft Corp.; Redmond, Wash., USA) and piloted by 
reviewers. Data were extracted from included studies into the database by one reviewer, and subsequently 
checked for accuracy by a second reviewer. 
Study specific descriptive characteristics were extracted (i.e., author, study year, study country, study 
design, sample size, participant age and sex), 20mSRT type (i.e., result units, equation used if predicted 
V̇O2peak was calculated, CRF standard, etc.), health indicator (including measurement method and units), 
results (i.e., correlation coefficient, odds ratio, p-value, chi-square values, 95% CIs) and confounding 
variables (included in multivariate analyses). When studies presented multiple models, only the results 
from the fully adjusted model were extracted. Statistically significant findings were set at p < 0.05. 
Furthermore, correlations <0.1 were considered as trivial and correlations of 0.1, 0.3 and 0.5 were used as 
thresholds for weak, moderate and strong, respectively. 
The risk of bias across all included studies was evaluated using the methods described in the Cochrane 
Handbook.16 A modified version of the Cochrane Handbook was used to assess risk of bias in 
observational studies. Each study was assessed for selection bias (e.g., failure to use an appropriate 
sampling technique), performance bias (e.g., inappropriate measurement of exposure) and selective 
reporting bias (e.g., selective/incomplete reporting of results); detection (e.g., inappropriate measurement 
of outcomes) and attrition (e.g., amount and treatment of incomplete data) bias for each health indicator; 
and other sources of bias (e.g., inadequate control for important confounders). 
The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) framework17 
was used to assess the quality of evidence for each health indicator category across each study design. 
The GRADE framework categorizes the quality of evidence into 4 groups (high, moderate, low or very 
low). According to GRADE, quality of evidence is high for randomized controlled trials (RCTs) and low 
for all other study designs. Quality of evidence is downgraded if there is a serious risk of bias, 
imprecision (e.g., insufficiently precise findings to support a recommendation),18 inconsistency (e.g., 
differences in the direction of the effects not explained by methodological differences),19 indirectness 
(e.g., whether studies included the population, assessment, or outcomes of interest),20 or other factors. If 
there is no justification for downgrading, quality of evidence can be upgraded if there is a large effect 
size, a dose-response gradient, or if all plausible confounders would decrease an apparent treatment 
effect.21 Overall, quality of evidence was assessed independently by two reviewers and subsequently 
verified by the larger co-author team. 
Meta-analyses were planned for sufficiently homogeneous health indicators with regard to statistical and 
methodological characteristics. Narrative syntheses of results were planned for health indicators that were 
considered to be too heterogeneous. 
3. Results 
A total of 11,745 records were identified through database searches. After de-duplication, 2,447 records 
remained. After screening titles and abstracts, 470 full-text articles were obtained for further review. A 
total of 328 studies were excluded for the reasons described in Fig. 1. Full consensus was attained 
between both reviewers for all included studies. 
The remaining 142 studies met all inclusion criteria and represented 319,311 participants (301,105 from 
unique samples) from 32 different countries. Study-specific sample sizes ranged from 51 [S138] to 
141,169 [S35] participants, and spanned a mean age from 5.1 to 17.9 years. Included studies employed 
either a longitudinal cohort (n = 14) or cross-sectional (n = 128) design. Individual study characteristics 
are summarized in Supplement 2, and Tables 1–11. 
In total, 89 studies (63% of included studies) investigated the relationship between 20mSRT performance 
and measures of adiposity (Table 1, Supplement Table 1). Six studies used a longitudinal cohort study 
design, 82 studies used a cross-sectional study design, and the remaining study used a mixed longitudinal 
cohort and cross-sectional design. Five of seven longitudinal cohort studies reported that better 20mSRT 
performance at baseline was associated with lower adiposity levels at 1–9 years of follow-up [S1–S3, S6, 
S7], while two longitudinal cohort studies reported mixed favourable and null associations for girls [S4] 
and boys [S5]. The quality of the evidence for longitudinal cohort studies remained rated as low as there 
were no reasons to downgrade or upgrade the quality of the evidence. A total of 66 cross-sectional studies 
(out of 83) reported favourable relationships between 20mSRT performance and adiposity, 15 studies 
reported mixed favourable and null findings, and two studies reported mixed favourable and unfavourable 
findings (Table 1) [S16, S41]. Of the 89 included studies, 41 studies assessed adiposity using only BMI, 
25 of the studies used various measures, including waist circumference, percent body fat, and sum of 
skinfolds, and the remaining 23 studies used a combination of BMI and other measures to assess 
adiposity. The quality of the evidence was upgraded from low to moderate because of a large effect and 
evidence of a dose-response relationship. 
A total of 42 studies (30% of included studies) investigated the relationship between 20mSRT 
performance and various cardiometabolic biomarkers (e.g., HOMA-IR, cholesterol, C-reactive protein) in 
children and youth (Table 2, Supplement Table 2). One study used a longitudinal cohort design, 39 
studies used a cross-sectional design, and the remaining two studies used mixed longitudinal cohort and 
cross-sectional designs. One longitudinal cohort study reported mixed null and favourable associations 
between 20mSRT performance and cardiometabolic biomarkers (HOMA-IR) at 2 years of follow-up 
[S91], and the remaining two longitudinal cohort studies reported null findings at follow-up [S90, S92]. 
The quality of the evidence for longitudinal cohort studies remained rated as low. Of the 41 cross-
sectional studies, 13 reported favourable findings, 21 reported mixed favourable and null findings, 6 
reported null findings, and one study [S97] reported a mixed null and unfavourable findings between 
20mSRT performance and cardiometabolic biomarkers for boys only. The quality of the evidence for 
cross-sectional studies was also rated as low. 
Fifteen studies (11% of included studies) investigated the associations between 20mSRT performance and 
cognition/academic achievement (Table 3, Supplement Table 3). Only one study used a longitudinal 
cohort design, and the remaining 14 studies used a cross-sectional design. The longitudinal cohort study 
reported that 20mSRT performance was favourably associated with attention, but null associations were 
reported for spatial working memory at 9 months of follow-up [S114]. The quality of the evidence for the 
longitudinal cohort study was downgraded from low to very low due to serious imprecision (insufficient 
evidence). Three cross-sectional studies assessed the relationship between 20mSRT performance and 
cognition, and reported favourable or mixed favourable and null findings [S9, S33, S74]. The remaining 
11 cross-sectional studies investigated the association between 20mSRT performance and academic 
achievement. Six studies reported favourable associations [S9, S42, S116, S119–S121], four studies 
reported mixed favourable and null findings [S115, S117, S118, S122], one study reported null findings 
[S37], and one study reported mixed unfavourable and null findings [S123]. The quality of the evidence 
for cross-sectional studies was downgraded from low to very low due to a serious risk of bias. 
Specifically, nine studies had unknown reliability and validity for the outcome measures, and four studies 
did not control for sex or age differences in their analyses. 
Two cross-sectional studies (1% of included studies) investigated the association between 20mSRT 
performance and mental health (Table 4, Supplement Table 4). One study reported no association 
between 20mSRT performance and depression in children [S124]. Another study reported a favourable 
association between 20mSRT performance and levels of depression in girls, but reported no association in 
boys [S125]. The quality of the evidence remained rated as low. 
Five cross-sectional studies (4% of included studies) investigated the associations between 20mSRT 
performance and psychosocial health (Table 5, Supplement Table 5). Four of five studies reported 
favourable associations between 20mSRT performance and self-efficacy [S126–S128], enjoyment [S13], 
and outcome expectancy [S128]. One study reported favourable associations between 20mSRT 
performance and mood/emotions in girls, but the associations were null in boys [S129]. The majority of 
studies did not adequately control for differences in sex or age within their analyses [S13, S126–S128], 
and one study did not describe the sampling methods employed [S129], resulting in a risk of bias. As a 
result, the quality of the evidence was downgraded from low to very low. 
 
*Note 20mSRT, 20mshuttleruntest; BMI, bodymassindex; SSF, sumofskinfolds; WC, waistcircumference; %BF, percentbodyfat. 
a. Includes 7 longitudinal studies [S1S7]. 
b. The quality of the evidence remained as “low” as there were no serious concerns about the quality of included longitudinal studies or reasons to increase the 
rating. 
c. Includes 83 cross-sectional studies [S5, S8–S89]. 
d. The general favourable gradient and large effect of the findings (e.g., approximately 60% of reported unstandardized correlation coefficients were greater 
than r=0.30) suggests that better 20mSRT performance is associated with lower adiposity. 
f. The quality of the evidence was upgraded from “low” to “moderate” because of the large effect observed and the evidence of adose-response gradient 
between 20mSRT performance and adiposity. 
 
 
*Note 20mSRT, 20 m shuttle run test; BP, blood pressure; CRP, c-reactive protein; HDL, high density lipoprotein; HOMA-IR, homeostatic model assessment – 
insulin resistance; LDL, low density lipoprotein; MAP, mean arterial pressure; TC, total cholesterol; TG, triglycerides. 
a. Different combinations of the following health indicators were used to calculate a cardiometabolic risk score: waist circumference, BMI z-score, HDL, LDL, 
glucose, insulin, HOMA-IR, MAP, triglycerides, blood pressure, total cholesterol: HDL ratio, c-reactive protein. 
b. Includes 3 studies [S90–S92]. 
c. The quality of the evidence remained as “low” as there were no serious concerns about the quality of included longitudinal studies or reasons to increase the 
rating. 
d. Includes 41 studies [S3, S11, S14, S26, S32, S34, S36, S38, S40, S45, S46, S52, S56, S63, S64, S67, S69, S71, S90, S91, S93–S113]. 




*Note 20mSRT, 20 m shuttle run test; β indicates standardized beta; HSBC, Health Behaviour in School-Aged Children. 
a. Includes 1 longitudinal study [S114]. 
b. Serious imprecision. Only 1 study investigated the longitudinal associations between 20mSRT performance and cognition. 
c. The quality of the evidence was downgraded from “low” to “very low” because of serious imprecision. 
d. Includes 14 cross-sectional studies [S9, S33, S37, S42, S74, S115–S123]. 
e. Serious risk of bias. A total of 10 out of 14 studies did not provide detail on the validity and reliability of outcome measures [S9, S37, S42, S115, S116, 
S119–S123]. Four studies did not control for sex or age in their analysis [S37, S42, S74, S116]. 




*Note 20mSRT, 20 m shuttle run test; CES-DC, Center for Epidemiology Studies–Depression Scale for Children. 
a. Includes 2 studies [S124, S125]. 
b. The quality of the evidence remained as “low” as there were no serious concerns about the quality of included cross-sectional studies or reasons to increase 
the rating. 
 
*Note 20mSRT, 20 m shuttle run test. 
a. Includes 5 studies [S13, S126–S129]. 
b. Serious risk of bias. 4 out of 5 studies did not control for sex and/or age in the analyses [S13, S126–S128]. 
c. The quality of the evidence was downgraded from “low” to “very low” because of a serious risk of bias that diminished the level of confidence in the 
observed effects. 
 
*Note 20mSRT, 20 m shuttle run test; HFZ, Healthy Fitness Zone; NIZ, Needs Improvement Zone. 
a. Includes 1 longitudinal study [S130]. 
b. Serious risk of bias. 1 study scale used to measure Body Dissatisfaction was adapted by the authors and had an equal number of positive and negative items, 
but did not mention changing the Likert scale of responses (ranged from “very much like I feel” to “not at all like I feel”) to match the item’s direction [S130]. 
c. Serious imprecision. Only one longitudinal study was published examining the association between 20 m SRT performance and self-esteem and physical self-
perception. 
d. The quality of evidence was downgraded from “low” to “very low” because of serious imprecision and a serious risk of bias that diminished the level of 
confidence in the observed effects. 
e. Includes 9 cross-sectional studies [S13, S73, S125, S129–S134]. 
f. Serious risk of bias. 5 of 9 studies reported using convenience sampling [S13, S130, S131, S133, S134], and it was unclear whether 3 of the remaining 4 
studies used convenience sampling methods [S73, S125, S132]. Additionally, 3 studies did not control for age or sex differences in 20mSRT performance [S13, 
S131, S134]. 




Fig. 1. PRISMA flowchart for the identification, screening, eligibility and inclusion of articles. *Reasons for exclusion: study did not include the proper 
20mSRT protocol (n = 55); study did not assess the relationship between 20mSRT performance and a relevant health indicator (n = 137); sample size (n = 
2); study participants were not in the target age range (n = 2); grey literature and/or not original research (i.e., review, conference proceeding, abstract; n 
= 82); populations with known disease or injury (n = 8); could not obtain full-text article (n = 12); non-English language article (n = 26); and duplicate 
paper discovered during level 2 screening (n = 4). Some articles were excluded for more than one reason. 
Nine studies (6% of included studies) investigated the associations between 20mSRT performance and 
indicators of self-esteem and physical self-perception (Table 6, Supplement Table 6). One study used a 
mixed longitudinal cohort and cross-sectional design, and the remaining eight studies used a cross-
sectional design. The longitudinal cohort study reported a null association between 20mSRT performance 
and body dissatisfaction after 4-years of follow-up [S130]. However, because this study used an un-
validated scale to measure body dissatisfaction, there was a serious risk of bias. There was also serious 
imprecision (insufficient evidence). As a result, the quality of the evidence from the longitudinal cohort 
study was downgraded from low to very low. Six cross-sectional studies reported favourable associations 
between 20mSRT performance and various indicators of self-esteem and physical self-perception [S13, 
S128, S130, S132–S134]. Three studies reported mixed favourable and null associations between 
20mSRT performance and various indicators of self-esteem or physical self-perception [S73, S125, 
S129]. The quality of the evidence was downgraded from low to very low as a result of a serious risk of 
bias in sampling methods and not controlling for age and sex differences in some studies [S13, S128, 
S134]. 
Six cross-sectional studies (4% of included studies) investigated the relationship between 20mSRT 
performance and indicators of quality of life and wellbeing (Table 7, Supplement Table 7). Three studies 
reported favourable associations between 20mSRT performance and various indicators of quality of life 
and wellbeing [S123, S133, S135], two studies reported mixed favourable and null associations [S123, 
S129], and one study reported mixed null and unfavourable findings [S10]. One study used a 
questionnaire that was not validated for the age groups in which it was used, thereby creating a serious 
risk of bias [S123]. There was also serious imprecision (i.e., wide confidence intervals) in the estimates 
reported by two studies [S123, S133]. As a result, the quality of the evidence was downgraded from low 
to very low. 
One cross-sectional study (1% of included studies) investigated the relationship between 20mSRT 
performance and bone health (Table 8, Supplement Table 8) [S137]. This study found that 20mSRT 
performance was a favourably associated with bone mineral content in boys and girls. However, the study 
did not include lean body mass as a covariate in the analysis although it accounted for 67% of the 
variance in bone mineral content [S137]; this resulted in a serious risk of bias. In addition, the lack of 
studies in this area created a serious risk of imprecision. As a result, the quality of the evidence was 
downgraded from low to very low. 
Nine cross-sectional studies (6% of included studies) investigated the relationship between 20mSRT 
performance and musculoskeletal fitness (Table 9, Supplement Table 9). The musculoskeletal fitness 
outcomes were divided into four categories: strength and power, muscular endurance, flexibility, and 
agility. Of the seven studies that investigated the association between 20mSRT performance and 
indicators of strength and power, four studies reported favourable findings [S13, S84, S108, S138], two 
studies reported mixed favourable and null findings [S12, S46], and one study reported null findings 
[S62]. All six studies assessing the relationship between 20mSRT performance and measures of muscular 
endurance reported favourable associations [S12, S13, S37, S42, S46, S62]. All four studies reported null 
associations between 20mSRT performance and flexibility [S13, S37, S42, S62]. Lastly, of the two 
studies that investigated the associations between 20mSRT performance and measures of agility, one 
reported favourable associations [S12] while the other reported null associations [S62]. The quality of the 
evidence was downgraded from low to very low as a result of a serious risk of bias. More specifically, the 
majority of studies used convenience sampling methods or did not describe their sampling procedures, 
and most did not describe the validity and reliability of their measurement instruments. 
Four cross-sectional studies (3% of included studies) investigated the association between 20mSRT 
performance and motor skill development (Table 10, Supplement Table 10). Two of the four studies 
reported favourable associations between 20mSRT performance and motor skill development [S18, 
S139], and the remaining two studies reported null associations [S62, S140]. The quality of the evidence 
was downgraded from low to very low as a result of a serious risk of bias and serious imprecision. More 
specifically, three studies used convenience sampling methods, and one study did not control for sex 
differences in their analysis [S18, S62, S139], subsequently resulting in a serious risk of bias. Serious 
imprecision was recorded because one study reported wide confidence intervals [S139]. 
Two cross-sectional studies (1% of included studies) investigated the relationship between 20mSRT 
performance and the risk of injury/harm (Table 11, Supplement Table 11). One study reported a 
favourable association where children with better 20mSRT performance had lower odds of sustaining 
serious injury [S141]. Another study reported opposing findings where better 20mSRT performance was 
associated with higher odds of sustaining a bone fracture [S142]. The quality of the evidence was 
downgraded from low to very low due to this serious inconsistency. 
A high-level summary of findings is reported in Table 12. Due to heterogeneity across all health 
indicators a meta-analysis of results was not possible. 
4. Discussion 
This systematic review combined results from 142 studies that investigated the associations between 
20mSRT performance and various health indicators among children and youth aged 5–17 years. The 
included studies represented 319,311 children and youth (301,105 from unique samples) from 32 
countries across 6 continents, which comprised of approximately 39% of the world population.22 The 
quality of the evidence ranged from very low to moderate. Overall, the evidence suggests that better 
20mSRT performance is associated with a variety of positive health indicators that range from lower 
adiposity levels to favourable cardiometabolic biomarker profiles and physical self-perception. 
Some believe 20mSRT performance is strongly influenced by adiposity, suggesting that poor 20mSRT 
performers are on average the heavier children and youth.23However, our results indicate that the 
unadjusted correlation coefficients ranged widely from r = −0.70 (strong) [S47] to r = −0.10 (weak) 
[S28], with some studies having reported positive coefficients as high as r = 0.13 (weak unfavourable) 
[S83]. These varying results suggest that adiposity alone does not explain 20mSRT performance. 
Similarly, Olds and Dollamn reported that adiposity explained 40–60% of the longitudinal declines seen 
in 1.6 km running speed in 10- to 12-year-old children between 1985 and 1997.24 In fact, it is likely that a 
combination of various physiological and psychological aspects help explain 20mSRT performance, 
including mechanical efficiency,25 sustainable fractional of V̇O2max,26 V̇O2 kinetics,27 
lactate threshold,27 anaerobic capacity,28 and motivation.8 
In some cases 20mSRT performance was strongly associated with one subcategory, but not others, within 
similar health indicator categories. For instance, 20mSRT performance displayed favourable associations 
with some subcategories of the cardiometabolic biomarker category: among the most favourable were 
HOMA-IR (effect size: r = 0.02 [S101] to r = −0.60 [S26]; negligible to strong), C-reactive protein(effect 
size: r = 0.01 [S36] to r = −0.15 [S63]; negligible to weak) and aggregate indices of cardiometabolic 
disease risk (effect size: r = 0.03 [S101] to r = −0.31 [S52]; negligible to moderate). In addition, other 
health indicator subcategories also displayed consistent favourable associations: academic achievement 
(effect size: r = −0.06 [S117] to r = 0.27 [S121]; negligible to weak), muscular endurance (effect 
size: r = 0.08 [S37] to r = 0.70 [S13]; negligible to very strong), psychosocial health (effect size: r = 0.23 
[S131] to r = 0.71 [S126]; weak to very strong) and physical self-perception (effect size: r = 0.21 [S134] 
to r = 0.51 [S132]; weak to strong); whereas, some health indicator subcategories displayed consistent 
null associations: mean arterial pressure (effect size: r = 0.065 [S3] to r = −0.156 [S11]; negligible to 
weak) and flexibility (effect size: r = −0.01 [S37] to r = 0.20 [S62]; negligible to weak). The variability 
across different subcategories within each health indicator was the main reason for mixed results and 
inconsistencies. However, it is apparent that very few studies reported unfavourable associations between 
20mSRT performance and health indicators suggesting that there is an overall gradient between better 
performance and better holistic health among children and youth. 
This study represents the largest effort to date to synthesize the associations between 20mSRT 
performance and health indicators in children and youth. The results from this study brought together 
findings from 142 studies using a rigorous systematic review process. Previous research has suggested 
that the 20mSRT would be a good measure to compare the CRF and health of children and youth across 
countries and continents.6, 7 Indeed, the findings from our review support the 20mSRT as an 
appropriate population health indicator for children and youth. 
A common issue with systematic reviews is that the synthesis of evidence is only as good as the papers 
that they contain.30 Thus, the primary limitation of this review is that the quality of the evidence for all 
health indicator categories was rated as very low to moderate as a result of pooling findings that were 
always observational in nature. Nonetheless, the relative uniformity of findings with very few 
unfavourable relationships, despite the flaws inherent in several studies, should not prevent drawing 
confident conclusions about the strong and favourable relationships identified herein. Although the nature 
of the 20mSRT does not allow for randomized controlled trial (RCT) designs (the 20mSRT is a single 
measurement of a trait), the results from this study encourage the need for RCTs that investigate the 
sensitivity of 20mSRT performance improvements in children and youth and their relationship with 
changes in health indicators. In addition, a meta-analysis was not appropriate due to the heterogeneity 
between studies, which was mainly identified in the reporting of 20mSRT results as the exposure 
measure. For example, results were recorded as laps, stages, time, speed, distance, or predicted V̇O2peak, 
which in itself has many variations in the different equations used (e.g., Léger et al.31 Ruiz et 
al.32 Fitnessgram33). There is certainly a need for consistent reporting of 20mSRT results across studies, as 
recommended by Tomkinson et al.7 Furthermore, we were not able to separate our results by sex or age 
groups because of the heterogeneity across studies, although study specific details regarding sex and age 
are available in Supplement 2. Lastly, we did not include studies written in languages other than English 
which may have introduced a bias. 
This review also highlights many gaps in the literature. There is a need to further investigate the 
associations between 20mSRT performance and indicators of bone health, mental health, psychosocial 
health, and quality of life/wellbeing. These are areas of research that are important as mental health 
disorders continue to grow and result in healthcare challenges worldwide.34 Furthermore, there is a need 
for more global and coordinated efforts to measure 20mSRT performance to better understand the health 
of children and youth across developed and developing countries. Evidence suggests that 20mSRT 
performance varies substantially worldwide6; thus, global measurement efforts could provide a proactive 
method to identify populations of youth at risk of poor health outcomes and future chronic diseases.35 
5. Conclusion 
Our study provides a systematic review of the associations between 20mSRT performance and health 
indicators among school-aged children and youth. The results demonstrate the broad utility of the 
20mSRT as an indicator of not only physiological and physical health, but also psychosocial and 
cognitive health in children and youth. As a result, the 20mSRT would be an excellent tool to screen 
children and youth at risk of poor health and in need of increasing physical fitness levels. These results 
also support the notion that the 20mSRT could be used as an indicator to compare the holistic health of 
children and youth through temporal trends and between geographic locations (e.g., cities, provinces, 
states and countries). 
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